Abstract:
Introduction
Population growth in Africa is increasing at a far higher rate than its agricultural productivity.
To reduce food insecurity, improve diets, and increase incomes, agricultural yields need to rise (von Braun et al., 2004) . Globally, the widest crop yield gaps were observed in subSahara Africa (SSA), for example, maize yields were as low as 16% (tropical lowland) and 36% (subtropical regions) relative to the biological yield potential (Lobell et al., 2009) . SSA has the fastest growing population in the world, leading to an increased pressure on natural resources (Le et al., 2016) . However, it is also the region with highest persisting yield gaps, and perseverant food security concerns. One of the largely accepted options to address low productivity of food crops is the increased input use, especially of fertilizers (World Bank, 2007) . During the African Fertilizer Summit held in 2006 in Abuja, African member states committed to increase fertilizer use to 50 kg/ha by 2015 to address stagnation in crop production, declining fertility, and rising food insecurity in order to achieve the "African Green Revolution". Even if there are agronomic concerns about such a blanket approach, at least it reflects a commitment. Since the "Abuja Declaration", a large number of African states have (re)introduced fertilizer subsidy programs (FSP) (Druilhe and Barreiro-Hurlé, 2012) .
Nevertheless, there is overwhelming evidence which shows that the measure has not resolved low productivity problems. However, there is no agreement in the literature regarding the reasons why the expected effects of fertilizer subsidies programs have not been realized.
Socio-economic studies have focused on inefficiencies in the implementation of subsidy programs and highlighted the following reasons: poor targeting of recipient and timing challenges in fertilizer delivery (Banful, 2009; Crawford et al., 2006; Druilhe and BarreiroHurlé, 2012; Houssou et al., 2017; Low and Waddington, 1991; Smale et al., 2011) . Some studies found fake or adulterated fertilizers as undermining the expected effect of fertilizers (Bold et al., 2017 (Bold et al., , 2015 Khor and Zeller, 2014; Liverpool-Tasie et al., 2010) . There is also evidence that the heterogeneity in returns to fertilizer subsidies across different study regions may partly be attributed to statistical artefacts, because productivity assessments based on farmers field size estimation were found to distorted (Ajayi and Waibel, 2000; Carletto et al., 2013 Carletto et al., , 2016 . In natural science literature, agronomic factors have been identified as major causes for low grain productivity. They include problems regarding the nutrient balance, land quality and management (Bindraban et al., 2000; Bronick and Lal, 2005; Häring et al., 2017; Mueller et al., 2012; Schweizer et al., 2017) .
A small body of literature has analyzed the complementary effects of agronomic and socioeconomic factors (Burke et al., 2017; Marenya and Barrett, 2009 ). This study aims to take this approach a step further by pursing the following overall objectives: To identify the role that different socio-economic factors, including governance problems of fertilizer subsidies, and different agronomic factors, including soil fertility and weed pressure, play in determining the maize yield of farmers who are targeted by fertilizer subsidy programs. To pursue this goal, we conducted a case study on maize production in Ghana. We simultaneously collected and analyzed a range of data that have, so far, not been included in one single study: socioeconomic data and data on targeting problems of fertilizer subsidies that were derived from a standardized survey as well as focus group and expert interviews; data on the incidence of the striga weed (S. asiatica and S. bemonthecia) that were collected with the help of pictures for increased accuracy; GPS-measurements of farmers" field size to avoid distortions identified in earlier studies; a lab-based analyses of fertilizer samples to test for fertilizer quality; and a labbased analysis of soil samples to establish the role of soil fertility in combination with the above data. Using production function analysis, the socio-economic and agronomic data were jointly analyzed to identify the factors that undermine the potential of fertilizer subsidy programs to and increase maize yields.
Ghana has been selected as a case study location since it operates an extensive Fertilizer Subsidy Program (FSP). Since the inception of this program in 2008, a total of 45.9 million USD has been spent on this program (MOFA, 2015) . Farmers are issued a card (free of charge) from the local ministries office that entitles them to receive 10 bags of compound fertilizer at a subsidized rate (22.6% less than the original price) and 5 bags of urea (price reduced by 20%) (MOFA, 2015) . The government"s target for the 2015 cropping season was to subsidize 180 thousand Mt of granular fertilizer at a cost of 22.3 million USD. This corresponds to approximately 20% of the national budget allocated to the agricultural sector (Oxford Business Group, 2016) . However, evidence suggests that little output growth has been recorded especially in the Guinea savannah agro-ecological zone of Ghana (Banful, 2009; Houssou et al., 2017; Ragasa et al., , 2014 Ragasa and Chapoto, 2017) .
The findings of our study highlight need to pay attention to both biophysical and socioeconomic variables when analyzing yield response to fertilizer subsidies. Important factors that limited maize yields were (a) a labile soil structure, which was identified by the interaction of the exchangeable sodium percentage (ESP) and the proportion of silt, and (b) the severity of Striga incidence. On the governance challenges, the study revealed a mixed picture: In contrast to other studies, the lab analysis of the fertilizer samples did not indicate problems regarding fertilizer quality. However, the targeting problems of earlier studies were confirmed. Very few farmers owned a card that allowed them to benefit from the government subsidy, which points to targeting problems. The qualitative information confirmed that rentseeking and clientelism leads to poor targeting of the subsidies. This paper is structured as follows: The second section describes the study area and the data collection methods. Section 3 presents the empirical model used for the statistical analysis.
The results are presented in Section 4 and discussed in Section 5. Section 6 derives conclusions and policy implications.
Study area and data description

Study area
The study was conducted in the north of Ghana, in the Guinea Savanna which includes the Upper West and the Northern region (Figure 1) , and accounts for 57% of the national land area (Olsen et al., 2013) . The climate of the region is semi-arid and tropical with long dry to October. Mean monthly temperature ranges between 26 and 32 °C (AQUASTAT -FAO, 2017 ). Agriculture contributes to over 60% of the employment, even though the region is characterized by low agricultural productivity (GGS, 2015) . Maize is cultivated permanently in plots close to the homesteads, or on plots further away under shifting cultivation (Olsen et al., 2013) . In large parts of northern Ghana, soils are low in soil organic matter and clay contents (Bellwood-Howard et al., 2015; European Commission, 2013; Häring et al., 2017) .
Both soil properties contribute to the spatially widespread low cation exchange and water holding capacities as well as low nutrient supplies. Terrain of cultivated sites in northern Ghana is largely flat or slightly undulated. Agriculture is predominantly rain fed with a low degree of mechanization. 
Data and sampling technique
The study was carried out between May and August 2016, and employed a combination of quantitative and qualitative social science as well as soil science methods.
A household survey was conducted in five districts. Within each district three communities were randomly selected. At the community level, 20 households were randomly selected from a list of farm households. This approach yielded a dataset of 300 households. For each household one plot cropped with maize in 2015 was randomly selected and detailed data was recorded. Worth mentioning is the assessment of the striga incidence. Pictures with increasing amounts of the weed in the maize fields were used to help farmers identify the magnitude of the infestation.
To ensure the accuracy of plot size data, we measured the plot borders with a GPS device, by walking around the plot perimeter with the farmer.
To capture determinants of maize yield and the drivers of the fertilizer application rate, to identify aspects of the fertilizer supply, constrains faced in the agricultural production, extension service, and of marketing of agricultural products, we conducted focus group discussions in the 15 communities. Additionally, we conducted 12 key informant interviews with ministry officials, researchers, and individual farmers.
At 34 randomly sampled local retail shops in the study region, NPK fertilizer samples were purchased both from brands which are part of the fertilizer subsidy program, as well as brands which are not, using a covert shopper approach. The covert shopper was impersonating poor farmers from the region, wanting to purchase fertilizer for his small farm. Fertilizer samples were additionally collected directly from the farmers who at the interview time had bought fertilizer and the original package was available. Fertilizer samples (n=100) from six common brands in the region, were analyzed for nitrogen (N), phosphorus (P) and potassium (K) contents to test whether the labeled nutritional values were accurately depicted.
Soil and fertilizer analyses
In each maize field, three volumetric (318 cm³) soil sample replicates were taken at 0-20 cm depth. The three replicates were dried at 40 °C and subsequently pooled, gently disaggregated, and sieved to 2 mm. All soil samples were ground for 2 minutes with a ball mill. Soil samples were analyzed by means of Fourier Transform Infrared (FTIR) spectroscopy, a method which allows the efficient prediction of soil properties at low cost and time efforts but with high accuracy (Viscarra Rossel et al., 2006) . FTIR was successfully used to characterize soil characteristics in northern Ghana and central Burkina Faso (BellwoodHoward et al., 2015) . FTIR prediction algorithms were calibrated by reference samples of the present study and additional samples from the same study region. The analyzed soil properties reflect common potentially growth limiting soil factors. Bulk density was measured for each of the three field replicates. C and nutrients were given as stocks [kg m -2 ] by multiplying C and nutrient contents with bulk density and sampled depth after correction for stone contents. For FTIR analyses, five replicates of each ground sample were transferred to microplates and gently compacted to leave a plain and dense surface for diffuse reflectance measurements in the mid infrared spectral range (4000 to 500 cm −1 ). Spectra were recorded with a Bruker
Tensor 27 equipped with an automated high throughput device (Bruker HTS-XT, Ettlingen, Germany), according to the method used in Stumpe et al. (2011) .
In order to predict soil properties based on FTIR spectra, multivariate calibration functions were established by relating the properties of the reference samples to their spectra using partial least-squares regression in a cross-validation design with the OPUS QUANT software (Bruker, Ettlingen, Germany) . If the reference soil data was not normally distributed, they were log or square root transformed prior to calibration. To improve the calibration functions, mathematical spectral pretreatments and exclusion of irrelevant spectral regions were applied with the OPUS quant software. Those combinations of pretreatments and spectral regions which had the lowest root mean square error of cross validation were chosen for the calibration (Table 1) .
In a second step, the calibration functions were used to predict soil properties of all samples.
Due to the exclusion of outliers, the total number of observations with soil variables was reduced to 290. The fertilizer samples were analyzed for total N, P and K contents by means of aqua regia digestion following DIN ISO 11466.
Empirical Model
A production function was used to identify the factors affecting maize output for the sampled households. This functional form has been widely used in farm efficiency analyses for both developing and developed countries (e.g. Evenson, 1989; Khor and Feike, 2017; Riera and Swinnen, 2016) The use of a single-equation model depicted in Eq. (2) assumes that farmers maximize expected profits (Kopp and Smith, 1980; Zellner et al., 1966 ).
The specific model estimated is:
where Y is annual total plot output of maize (kg/ha); L is the size of the plot measured by GPS device; Lab is family labor and hired workers days used in maize production (mandays/ha) ; Fb is basal fertilizer applied (kg/ha); Ftd is top dress fertilizer applied (kg/ha); Hr is the amount of herbicide used in maize production (l/ha); St is the striga incidence in the maize plot (%); βi are parameters to be estimated (i = 0, 1, 2, 3); and ԑ is the composed error term.
The explanatory variables included in the model are similar to those used in previous studies of developing country agriculture. In addition, we included striga incidence in percentage estimated by the farmer in the maize plot. The obliged parasitic plant is one of the major constraints to the realization of the potential maize yields in the Savanna (Lagoke et al., 1991) . As the proportion of the sample farmers who did not apply fertilizer was close to 20%, we followed the method developed by Battese (1997) and kept the input amount at zero for the non-users even after log-linearizing the model. A dummy variable is included to capture the difference between the farmers who use fertilizer and those who do not. This method enabled us to use the full data set without dropping the non-fertilizer users when we loglinearize the input amount. The data of farmers not using fertilizer may be useful in the estimation of parameters which are common to all farmers. Furthermore, the removal of the non-users would also bias the estimation of the parameters of the production function.
For the example of the basal fertilizer application the dummy is calculated as follows:
We created a basal fertilizer application dummy (DFb) and repeated the same procedure to the variables "top dressing", "herbicide" and "striga". The final production function therefore is:
= 0 + 1 ln + 2 + 3 ln + 4 + 4 ln + 5 + 6ln + 7 + 8 ln + 9 +
Equation 3 After running the regression with only the input variables, we repeated the analysis by adding soil parameters. Multicollinearity between basal and top dressing fertilizer application, between CEC and Ca + , and between Mg + and K + did not allow for the inclusion of all parameters. From these three sets of variables, we chose to include K + because it is among the most important elements of maize growth and yield, and Ca + since it had a higher prediction rate. N also had to be dropped because of high correlation with the C content.
We used a Tobit model to examine factors affecting farmers" decisions on intensity of fertilizer use. A Tobit model is chosen because of the high prevalence of farmers who used zero fertilizer (20%) and since it accounts for the qualitative difference between zero and nonzero observations (Wooldridge, 2010) .
Results
This section is introducing the results from the different approaches and tools applied in the study. Table 2 shows descriptive statistics of both the socio-economic data and the soil properties. The results from the empirical models are then presented. At the end, the outcome from the fertilizer analysis and from the differences between estimated and GPS measured field data are reported. The results from the production function (table 3, model A) show that an increase in labor has a positive and significant effect on maize yield outcome. The increase of one percent of basal fertilizer does increase maize output by 0.72 percentage points, ceteris paribus. The regression also shows a negative effect of the severity of the parasitic striga weed on yield. When adding soil properties (table 3, model B), the above variables do not change significantly, however the interaction between ESP and the proportion of silt particles in the sample ratio is significant.
In the ordinary least square (OLS) regression (table 3, model C), management, site specific indicators as well as the farmers experience and gender are included. Plot size becomes negatively significant, indicating a higher maize yield on small fields, and the ESP value and the sand content are not contributing to explaining output any longer. The visit of an extension officer in the last year did not contribute to explaining maize yield variance, whereas gender, mono-cropping of fields, the application of manure, the times weeding performed as well as the distance to the closest agro input shop significantly explain maize yield variability. Significance of two district dummies can be explained by a fairly large contract-farming scheme providing fixed input packages to smallholders in the two districts in the Upper West region
To roughly estimate the profitability of using fertilizer for maize we computed the value cost ratio (VCR). A VCR below 1 is indicates that fertilizer application is not profitable. We used the average output/input price ratio (AVCR) multiplied by the average marginal product of fertilizer. The result of 0.7 suggests that fertilizer application is not profitable under current prices. The Tobit regression (table 4) shows that farmers" ownership of a subsidy card does increase fertilizer application rates. Holding all other factors constant at the mean, wealth-related variables, additional inputs purchased, and the ownership of a donkey cart, increase fertilizer application rates. Smaller plot sizes receive more fertilizer than large ones, which also reflect the higher maize outcome reported in the OLS. Instead, the use of manure was negatively correlated to fertilizer application rate. Maize planted in a mono-cropped system, fields located in more fertile floodplains, as well as plots with higher ESP-silt interaction are allocated more inorganic fertilizer. Fields located further from the homestead are receiving lower fertilizer rates. The two districts targeted by a maize out-grower scheme also had a positive effect on the amount of fertilizer applied. The focus group discussions and key informant interviews showed not only a lack of awareness about the fertilizer subsidy system but also a subliminal fear of authorities and the ministry of food and agriculture staff members. In all locations, transparency on the mechanism with which the fertilizer subsidy card is realized was lacking, which also affected farmers" trust in the program. The challenges farmers face in receiving cards was perceived as not justifiable for the relatively low benefit of owning the card.
Female farmers were the most neglected by the program, only 2% of the subsidy card owners were women, and we found them to be the least aware of the program"s operational structure.
Furthermore, farmers reported that they were asked to pay a fee to be registered; others were told that no cards were available for them. In other instances, officers would not issue the card because they claimed that a family member owns one and they could share. Others were told that they would be entitled to receive only the amount left from the total of the previous year.
In the two latter examples, the amount of fertilizer at subsidized rate per farmer and cropping season was substantially reduced. Large scale farmers, with good connections and holding more influential positions mainly in the district capitals, claimed to receive not only fertilizer at a subsidized rate but also far beyond the card limit due to their status. This was confirmed in the key informant interviews with representatives from local institutions.
The appearance of the fertilizers sampled was homogeneous and of good quality. The laboratory analysis verified, throughout the sample, that the labeled nutritional composition reflected the actual content in the samples; details are shown in table 5. The fertilizer samples were collected both from the 50 kg bags as well as from smaller packages rearranged by the shop owners to enable farmers to purchase small quantities.
Smaller packages were sold at 20 to 80 % higher price per kg than a full sack.
From the empirical measurement of the field data, the results show steady increases of the discrepancy between the GPS measures and the self-reported field sizes with increasing field sizes. Overall, 95% of the fields were overestimated and on average the land sizes were over reported by 36% compared to the GPS measured size. 
Discussion
This paper contributes to the debate on the impact of a fertilizer subsidy as a strategy to improve productivity and contribute to food security. The Guinea savannah has the greatest potential to serve as the breadbasket of SSA. The precipitation patterns suit cereal production and ripening and in most areas soils have characteristics which support agriculture (Sanginga and Woomer, 2009 ). However, in Ghana, the Sudan and the Guinea savannah poverty rates are more than double that of the national level with 53% of the countries inhabitants living in extreme poverty (GGS, 2015) . A combination of socio-economic and laboratory based analysis of soil parameters and fertilizer quality were applied. Additionally we controlled for striga infestation and for the accuracy of land size measurements. We discuss the implications of data quality in this section.
Fertilizer's effect on yield
The production function shows a positive effect of application of fertilizer on yield. This was expected since maize has a high nitrogen (N) requirement and its deficiency is a major cause of low yield, the amount of mineral fertilizer is therefore expected to have a significant effect on maize yield. This reflects the results from Ragasa and Chapoto (2017) , however these authors also found that even if farmers in the north of the country applied higher fertilizer rates, they were still further away from the optimal rate compared to farmers in the south. The rough estimation of fertilizer profitability on maize crop was computed based on the average output/input price ratio (AVCR). The value of the average output/input price of the farmer population cultivating maize in northern Ghana was only 0.7. The standard interpretation is that values greater than 1 indicate farmers increase their income through the use of fertilizer.
However, other authors suggest a threshold of 2 or more to be required for sustainable demand of fertilizer by smallholders (Crawford and Kelly, 2002) . Our result clearly shows that at the current price farmers are purchasing fertilizer (reduced by 20% from the original price) and the price they receive for the produce will not lead to a sustained demand. Freeman and Omiti (2003) found, through simulation results, that the availability of fertilizer in small packages of 5kg or less does increase both adoption and intensity use rate. In Ghana, smaller packages are available but at a 20-80% higher price per kg than an entire sack. This also explains the low AVCR rate and the higher application rates to smaller fields. Once more, it
shows that smallholder farmers in the Guinea savannah are not sufficiently targeted by the FSP and the high expenses faced by the government are not serving their purpose. Literature has focused in particular on the policies in SSA Africa to explain the low fertilizer use. Even with increasing private sector participation, the use of fertilizer at plot level remains low to ensure food supply under continuous losses in soil fertility (Crawford et al., 2006; Morris et al., 2007; Poulton et al., 2006) . Enabling farmers to achieve higher yields though profitable use of fertilizer is expected to increase fertilizer demand. For the success of the FSP, it is therefore important to identify the factors that contribute to explaining yields including the specific pedologic conditions (Burke et al., 2017) .
Fertilizer use rate determinants
The results from the Tobit model suggest that the ownership of a fertilizer subsidy card (owned by 16% of the farmers) increased the mineral fertilizer application rate. During the focus group discussions, farmers reported challenges in accessing the card; therefore some share one card, increasing the percentage of farmers having access to the subsidized price to 19%. As for the code sent by SMS to the farmer"s mobile phone as alternative to the physical card, we found farmers in two communities closer to the larger towns registered through this system. However, very few farmers own a phone and were generally unsatisfied with the mobile phone option. Despite the programs aim to target smallholder farmers, the share of farmers owning a card (or alternatively the SMS code) is alarmingly low. This reflects results from the Living Standard Survey data for 2012 reported in Houssou et al. (2017) , in which 78% of the subsidy benefits went to unintended beneficiaries and less than a third were poor farmers receiving only 17% of the program benefits (in 2011). This confirms the positive effect of wealth indicators, ownership of a donkey cart and affordability of other inputs, and the ownership of the subsidy card (at 1% and at 10% level respectively) on fertilizer use rates.
The distance of the field from the homestead negatively influences fertilizer application rate, which is probably related to labor and transport costs. Previous studies have shown that the distance to input markets are a major limiting factor to adoption and extent of fertilizer use due to high transaction costs (Martey et al., 2013; Zhou et al., 2010) . This is reflected in the significantly higher rate of fertilizer use in one of the districts due to the work of a contract farming arrangement that provided maize inputs to farmers and bought the grain back, deducting the value of the given input. The results suggest that major constraints to achieve higher adoption rates of fertilizer also include "non-price factors" such as availability and information that are effectively raising the shadow prices (Mwangi, 1996) .
Governance challenges of the FSP
The FGD results deepened the understanding of the challenges faced and the reasons behind participant"s choices. The challenges are manifold, but from the information side: (i) it is unclear if the fertilizer subsidies will be realized in the given year, (ii) the timing, when it will be realized (iii) who is eligible for the fertilizer subsidy card (iv) the modalities to receive a card and if it is free of charge (v) which amounts each farmer is entitled to every year. Poor targeting performance of the program and related problems of elite capture and clientelism are undermining the purpose of the program. The selection of farmers entitled to the card was made by the extension agents, with no verifiable nor standard method to identify the actual target group of smallholders (Houssou et al., 2017) . This is in line with the significance of the household"s wealth variables (donkey carts and the use of other purchased inputs) in the Tobit model. Additionally, the card did not guarantee the availability of the subsidized fertilizer at the store and the possibility to buy the amounts required. Distribution problems and availability at the retailers have been identified by previous studies as major constrains to farmers actually applying the recommended application rates (Freeman and Omiti, 2003; Low and Waddington, 1991; Morris et al., 2000; Smale et al., 2011) .
In the Northern region, network, connections, and influence were found to be powerful factors in accessing the benefits of the FSP even without fulfilling the requirements, (Imoru 2015 in Houssou et al. 2017 . Similarly, Jatoe (2016 in Houssou et al. 2017 found large scale farmers not only accessing the subsidies but also acquiring amounts far beyond the allocated amounts per farmer. However, the subsidy programs remain an attractive policy to attract media and voters" especially during election (Birner and Resnick, 2010; Jayne and Rashid, 2013) .
Fertilizer quality and field measurements
The adoption of fertilizer can result in very heterogeneous returns, thus making them not profitable for a large share of farmers (Suri, 2011) . The heterogeneity in returns can have multiple sources; one could be based only on the lower nutrient content in commercial mineral fertilizer or due to statistical artefacts as computing profitability based on farmers self-reported or rather on measured plot sizes. The need to identify fertilizer quality emerged from previous studies which depicted problems of low-quality or fake fertilizer, examples include Nigeria (Liverpool-Tasie et al., 2010) , Uganda (Bold et al., 2017) and China (Khor and Zeller, 2014) . In West African markets, a large variability has been found, with Ghana performing best among the considered countries (Sanabria et al., 2013) . The differences that occur can lead to bias in the estimates of production functions (Khor and Zeller, 2014) ; From the samples collected in the study area, fertilizer adoption and application rates cannot be attributed to low technological quality since the laboratory analysis showed real nutrient to be satisfactory in reflecting the contents labeled. During the focus group discussions, fertilizer quality was never mentioned as a problem, and when asked, farmers confirmed that they trusted the quality. Therefore we consider the application rate not to be influenced by fertilizer quality and claims not encounter this type of bias.
However, the general knowledge on fertilizer formulations and the meaning behind the indications on the package were unclear to most farmers. The formulations of the commercial fertilizer in the market differ, however farmers tend to choose based on price and availability. This is also reflected in the non-visible impact of the extension service (table 3 and 4). About one third of all farmers could not identify the type of fertilizer they applied partly because of illiteracy and party because rearranged small packages are not labeled. The lack of fertilizer at the stores forced farmers in some cases to apply the compound fertilizer NPK even for the second application where urea is recommended and preferred. Overall, fertilizer application rates were on average about 145Kg/ha, of which 30Kg/ha N (if we consider an average of 20% N content), these rates are lower than the 56Kg/ha N fertilizer use found by Ragasa and Chapoto (2017) in the same study region.
Data presented in this study is based on GPS measurements. Many sub-Saharan economies are considered land abundant, therefore labor productivity estimates are highly important in the economic assessment of technologies (Spencer, 1989) and the accurate measurement of land size is important to estimate agricultural productivity with a higher degree of confidence (Calogero et al., 2011) . From the data, we can deduce that yields, as well as fertilizer application rates are overestimated if the data is based on self-reported values. If we consider that most studies rely on farmers self-reported plot size data, and an average overestimation of 36% of the plot sizes we can assume that "real" application rates and yields are higher than what is currently found in literature. Since the discrepancy is increasing with increasing plot sizes, "real" output and input application rates are also weighted higher in larger plots. This adds to the discussion of the inverse relationship between land size and productivity which goes beyond the scope of this paper.
The role site specific factors: Striga and soil structure
The role of nonmarket factors, such as soil fertility, has not been the focus of previous works or policy measures, but the understanding of this dimension can lead to the development of innovations that fit the needs of small-scale farmers (Braimoh and Vlek, 2006) . Additionally, the parasitic Striga (S. asiatica and S. bemonthecia) was identified by farmers as a major constraint and quantitative results show a highly significant negative effect of striga infestation on maize yield. This is not surprising, since the parasite largely depends on a host plant to obtain its nutrients and water. This result is largely confirmed by studies in the Guinea savannah in Nigeria (Weber et al., 1995) , Togo (Vogt et al., 1991) , and Ghana (Albert and Runge-Metzger, 1995; Sauerborn et al., 2003) . Lagoke et al. (1997) report yield reductions of up to 79% under good management conditions, the scenario is worse on resource poor farmer"s fields (Kuchinda et al., 2003) . Our results confirm the need to address striga in addition to site and plant specific fertilizer application rates to increase maize yields.
The adoption of striga tolerant/resistant maize varieties, in combination with intercropping and rotation of soybeans in farmers" fields in the north of Ghana, showed significant reductions in striga incidence of up to 89% (Abdulai et al., 2006 ).
The OLS regression shows a positive significance of the variable indicating the amount of agrochemicals applied and the number of weeding times. In fact, weeding is one of the most popular measures to reduce losses due to striga. Similarly, the application of herbicides (Abdulai et al., 2006) and of high doses of nitrogen (Gacheru and Rao, 2001 ) are effective measures. Agrochemicals and weeding had a positive and significant effect on yield, as well as the use of manure, suggesting that good agricultural practices such as weed management and nourishing the soil with organic matter has an important positive effect on yield.
Moreover, poor physical soil properties, such as soil structure, are as important as chemical properties in determining soil fertility. The significant negative interaction term of ESP and silt indicates a weak soil structure. This is explained by the dominance of silt-sized particles, which alone suggest a labile soil structure and a high vulnerability to mechanical stress.
Furthermore, the effect of ESP weakens the binding forces of the soil aggregates and increases the tendency of clay and silt to disperse and for aggregates to collapse. This is the case of the analyzed plots, where ESP values were rather low 0.7±0.8 % (maximum: 8.0 %).
However the interaction with silt fraction significantly affects yield. Poor structural characteristics were observed in the field, as soil crust formation is consequence of raindrop splash. Shainberg and Levy (1992) found that ESP values of 2.2 were enough to cause a drop of 70% in the final infiltration rate of clay rich soils. ESP values below 4% were found to have negative effects on aggregate stability (Ben-Hur et al., 1985; Lado et al., 2004; Levy and Torrento, 1995) . Soils with labile structural properties are vulnerable to deterioration of soil structure upon mechanical stress, such as rain drop splash and tillage, leading to slaking and dispersion of soil particles. The consequences can be serious for crop growth: Soil pores block, surface sealing by crusts and hard setting occurs when soils become dry, bulk density and soil strength increase (Nelson and Oades, 1998) . Surface sealing leads to lower infiltration rates, higher surface runoff and soil erosion compared to well permeable soil surfaces. Further, lower root penetration, seedling emergence, plant available water capacities and aeration are often reported in soils with labile structure compared to well-structured soils (Amézketa, 1999; Bronick and Lal, 2005; Schweizer et al., 2017) . In contrast, good structure is found in stable soils with high clay and soil organic carbon contents, an active soil biota, high contents of divalent or trivalent cations as well as cementing agents such as carbonates or iron (Balesdent et al., 2000) .
Soil organic matter has an overall positive effect on chemical and structural soil properties as for example in reducing clay dispersion (Lado et al., 2004 ). An efficient measure to improve soil structure is to increase soil organic carbon (SOC) by increasing organic inputs (e.g. by manure and compost) on one hand and reducing SOC losses by erosion and decomposition on the other hand (Häring et al., 2013; Nelson and Oades, 1998) . Further, mulching is recommended to reduce the vulnerability for surface crusting by raindrop splash. In line, the OLS results show a significant positive effect of the manure application, which most likely improved the overall nutrients available to the crops (since the SOC was not significant).
Application of fertilizer was found to be profitable for Kenyan farmers only at a level of 3% soil carbon content (Marenya and Barrett, 2009 ), which was not even the maximum value in the study region. In general in northern Ghana, the soil carbon level is often very low (Bellwood-Howard et al., 2015) . Marenya and Barrett (2009) recommend financial investment in soil organic carbon contents to increase yields of smallholders. This study confirms that measures to enrich the soil with organic carbon would strongly contribute to the yield response to fertilizer. Therefore, we agree with earlier findings that a partial reallocation of the FSP expenses into strengthening research and for the development of site specific solutions, such as developing local infrastructure to reach rural areas, would contribute to agricultural growth and poverty reduction (Jayne and Rashid, 2013) .
Conclusion and recommendations
In this paper, we estimated the production function, including soil parameters, to gain a better understanding into the causes of low maize productivity in the Guinea savannah of Ghana.
Since inception, the FSP has claimed a high share of the government"s budget, but yields remain far below their potential. The study confirms governance challenges of the FSP implementation, which are still detrimental to the success of the program, and need to be addressed to improve low productivity and food security. Better off farmers are probably able to buy fertilizer even at the market price, but are receiving it at subsidized rates and in larger quantities. On the contrary, poor and especially female farmers rely on small fertilizer packages provided at the agro-input dealers" shops, which are offered at substantially higher unit prices.
Although private fertilizer companies provide good quality fertilizer, governance challenges persist in the targeting and distribution system of the subsidy program. Furthermore, the study stresses the need of improved data quality, since it has a substantial impact on study results and derived recommendations, which the example of land size measurements revealed. The results from the agronomic section contribute to existing knowledge with two cardinal findings. Striga weed infestation and soil structure are crucial in explaining maize yields in the Guinea savannah. The current unilateral approach of FSP implementation has led to no improvements. Site specific data are needed to address local problems; especially soil samples as a part of the extension service "tool kit" to improve farm management practices. Soil structure can be stabilized through improved soil carbon management and reduced mechanical stress through mulching, as suggested by integrated soil fertility management measures.
Capacity building and improving the access to rapid and cost efficient soil testing of national institutions are needed. The study confirms that a reallocation of the government expenditures towards locally appropriated agronomic techniques, and thorough training, would have a stronger impact on yield and food security. and enumerators in the field that all greatly contributed to the outcome of this study. We would also like to express our sincerest thanks to all respondents who made time for us and kindly shared information during the interviews and the focus group discussions.
